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oise and Stochastic Processes, Dover Publishers, New York*#flB©££ 0 

e««#»©«ffi, &StfKo~7M >^y->^<DlOCD#^>->^;Ur> x ;i, 

09*. tf, Wax, ed, 1954, Selected Papers on Noise anri s 
tochastic Processes, Dover Publishers, New York&0m<DZt. 
[0 111] 



(40) 2002-53271 

x. D ( t) >£P#tfn-51f-££WU HOfcf-^fcmS : 
[flt5] 

(x 1) (t))=tfo( c L <5) 

T#*_e>n&. ^^©tf^^owii&tf x D (t) £#tftu 

[8 6 J 

[(6^ 2 (t)>] 1/2 -[(x^tjid-ap] 1 ' 2 (6) 

[0 1 12] 

T-^AStL^o Wax, ed, 1954, Selected Papers on Noise and Stochas 

tic Processes , Dover Publishers, New York£r#81<£> £ £«, ZLCD&lZ&^T* 

■HS8] 

erfc(x) = (2/Vn) J" eft exp (-t 2 ) . ( 8 ) 

T£«£tl6,> erfc(x)lC#T5#^jfi^KOliTte, Abraiowitz et al., 19 
72, Handbook of Mathematical Functions , Dover Publishers, New YorklifEISt 



(41) #*2 0 0 2 -5 3 2 7 1 

. ■ > 

[0 113] 

fr*m? 0 muz, X5R&7te, £Q±ztmm&*bz>m&±v)s}ststmm 

[0114] 
[0 115] 



(42) #^2 0 0 2-5 32 7 1 5 

mi 1 A~DROTl 2 A-v'Ett, J:otx;H*t«£-3fc*j6W05llitti8&S 
LT^So 01 1A~DH 1 1 0 lRtfl 1 0 2£UTI0&®T^£nW5 2 

tt^^-T^. RtLTfeSIS^nTV^figi 1 0 8te, */JM 1 0 1 KUBftL 
fc*ifiS*&«*T$>&o HI lAC&^T, ttll 0.7tt:*>ttfcfqfcD, 

T&< h 7 f ^^tlT^-SV'lARl^B ©li^ □ 7vf 1 1 0 1 
0 4(t =&')iM«^')7iT*^ Ell 1 Bl'&HT, «<£«:*7«^ 

;H 1/0 1 0 4*tt*. TtfcU «B©#3^*tt#*€?^<0T, tt 
B©^D7^— ;n 1 0 4 : ®^;fityfdSj£b». 7°n7^ — ;n 1. 0 3 ©iAo- SB 

7 ^-;H lO4©iBOJ:^<0^H PJgbfc^;* 1 10 8 

^ATt&ft-r^o hi a cft*3v>Tv ^tt»ix^>^fc^JD«iAe»n, & 

fBS^i;H 1 0 lRtfl 1 0 2{C§f3ISnT3£< K^y7*$n3. b)0>b 

. **i l o ' 8 *tf*x^«'ttTO<i*x;i/l I0 2ti 

h^y.7*^n, aARUfttBtt«7*D7^-;n 1 o 5R#i 1 0 6-*jSt". 
rnecD^ti^x^^ 1 pi*TW35ffc h u 7 ht*. m i idh^w, m 

[0 116] 

^ - 7 K So* v K jEH & IMS fl> 6 f^jsK b t> (O t & * . tt^IHO^lR) fc » 

oT*30> 3 offl©#T->s>+;i/ , 7x;i/^tJo Mfftteu #g8£n& 2o©?t 

mffi^aAR^BCDaiaE^UTv^. »*tt®«v>#©aA-tt/t- 1 20 it 
&«t£©»^:#©«BttA- 1 2 0 2TS$nxv^ e 1 0 n Rtf 



(43 > #S 2002 - 5 32715 

t„ , r 8B«o^fctseoT«aifcajR.$n*. 01 2a«, w#©«tf« 

2B, 12C, 12D, R^12:Ett v *n^2 5.*<ir;i« % -5 0^^ 

«t*<o#5 l >^ir;^x;wR:fe&?)^^x^^^±^tea 1 *.. hi2b 

*■ . I 

. 1 ■ ■ ■ -'■.:!-. 

[0 1 1 7] 

5. 3, 2. *<pmm 

[0 118] 

*.*±.»i«rM.*i WSi 5 lc«RSn$. -©$Ttt>,fg it^s t,..S 

»2fc, tor, R^«ii/t5^-^©^a^fc^ 

[0 119] 

»©tW ^*^v»fcii*©*Kfc j; 0ft^$n&*w«e*.*fcE«o/^pt 



(44) 0 0 2-5 3 2 7 1 

[0120] 

#^»4n;:§B«!c©#*£te, C, Basic, Fortran^£0jg^^u>tfi-^s 

ttf-e *' s-.^ i © in > tr i - £ 7 d if v a «fc k> jfub □ > tr ^ - * t- a*:'» 

[0121] 

to „ * j&» # 9 /h 3 < fc * «fc 5 l:if^Ri;gi©/^ ^ ^ - ^ * 

«ic**fiF* u fc t£ ^ x&jt $ n; 2 \z\ "t n & 0 >i 5 * - * fc o v > t 

[0 12 2] 

h-r&rcttxDmffl-v&z. «ah : hi o'kj&w, t „ n 'ttwi 001 

[0 12 3] 

[ft 9 J 

ton = (*-«/^ O) 



M5> #^2 0 0 2-5 32 7 1 

[0 12 4] 

[ftl'Q] 

v 

= Y (?(-^). (10) 

%mt<nrz\,\ Fvyhvmw&mmiz&nznREirt, -v 0 / (l-r) t 

[0 12 5] 
[ffcl 1] 

Y = D/k B T. (11) 

# 

0<Jx.{C Wax, ed, 1 5 9 5 4, Selected Papers on Noise and Stochastic Pr 
ocesses ^MM&MMzMSlM^BMXM: * Dover Publishers, New York£ 

tit 1 2 ] 

Jt fc r(£-j?) 2 

to " CDlT (12) 

[0 12 6] 
[»13] 



(46) tt&2 002-532715 



max rj (13) 

[0127] 
[»1 4J 

= y(£-.R) 2 



□ 



O r ■ 



09*. Rf, '*0*^i- EIHftMffttWl 0 4 V/cmTfc5 (Aval lone et al. 
eds. , 1 9 8 7, Mark's Standard Handbook for Mechanical Engineers (W$fc 
&M<Dfc.tb<D Marks^2pA>H^^/^) , 7^D-tJW '- a -3-^pl 5- 
1 9) o '$.~oT. E m a x =1 0 4 V/cmTR=l wmTSSi^ i^V c « 

[0 12 8] 

-f ^ 6-i£*apD ©«t-?^-r y^WS «fc < £ V* 5 £ £joW£«-f £/0> 

vi*. i oog-Rtttittt, ^ts^5><D2-3<z)^-i'7 p ©^<D^tr-^ 

£31^ J: D KBITS £ £ jW&T* * . »*WagiJ©*ST»,' 



12 A, 12BW12CT> 2^0?g^h , -^«. £0#*lA>ft«fcft"5 
M§nT^5ttt^$M^. LfrLfctfZ. mi 2DRtfl 



V 



(47) #820 02-5327 1 5 

[0129] 
[ftl 5] 



(15) 



^ -waists n*. 

[0 13 0] 
[»16] 



(16) 



[0 13 1] 



(17) 



Si 6 £9, i&t?D©Sf^fii($D + A D Otf 

SttaiK^&N, y e (=t N f)«, &CD5fcfeSfcS*l*': 
[^C 1 8 J 



(48) 0 0 2-5 32 7 1 

■^■ or »( 1 " a J / K-- a ».«f- (") 

a D -a D + A D te, ^5^fc/jN$^ADKlOViTtt- AD (5 a D /<5D£b 
C»19] ■ . ' 

r t»t * V'VW (19) 

* 

nt-zh^mmttrt? t, o , **/hfcr*«k 5 team's n*. awe 
, 1 9 sab-cas t ef , fctz&znztmmz* 1 0 , , \zmm 

£ft£a D KN e y e MgSWfcfct. f , HioTfe 

fcfeMfcfTfcfcfrl*. #J;U£ Press et al., 1 9 9 2, Numerical Recipes in 
C (CoMm^MsM) > ^2)K, Cambridge Univ. Press, New York £#HS£> 
ft&ft.t-. , f ©a^JWtt* DNA»fM:^lKcD*^K:^V>Tai5. 4»fc 

[0 13 2] 



H*2.0] 



^tot " = W eye a x. L - (20) 



[0 13 3] 



#32 0 0 2-5 3 2 7 ] 

T v LI4T#W#b/h-a<.^^*T*&. Sl7$#iLT, R 

R/L<0. 3T**Ct*«»*.U>. ^UT^4{3, R&tfL 

* .... 

CO 1 3 4] 

M^X (Press el al., 1 9 9 2, Numerical Recipes in ti. iC<6*WtoW&t* 
) ^2J|fi, Cambridge Univ. Press, New York), ^0t^LiatR.01®^tt 

[0 13 5] 

»fcMSnfcttBe^T^ra^«'Mtfc«koTft^$n»*. ciifc. Press et 



(50) 2002-532715 

, <Dm'hm*%M,t<nz>%x\ z<D&ig.*mtf%o R<D#?£L^m\$, t, 0 « 
<Dfttttemfcmzmmt%mi£mzR/L&G?%&z)\z, L*&i£-?z>zttf 

[0 13 63 

umRUL= 1 0 nmX$>Z>tUfe£nx\,i2>o £©M$tt£fc^x>:>*;i/ 
[0 13 7] 

[0 13 8] 

5.3.3. ^M^ai^EM3-^B: 

[0 13 9] 



o f 



(5,) #S2 002-5 32715 

[0 14 0] 

^s^i'* to / t *izmxfo\zmMLf£frm*?ftfrT°&zt&%.zntz^ 

[0 14 1] 

[0142] 
[£fc2 1] 

p 



) te, Pt-O^liDQ!,, <»>T&D, Z\(DZ\t\t, mj-timfrtltzttBAZ t E 



(52) <& &2 002-532715 

!?$>Z>Zt*Mm?Z>o tcfzL, &mwit&m*z^M&. n=-l, 2fc-£ 

[0143] 
[0 14 4] 

2] 

' " ■ i ■ ' ■ " 

• . . ;»' ; ; ■ " • v. ; . • 

iKD^T^ Z.Z.T'b <x D (1)) tfftfnS^^XiOt^IS^D 7 

<x B ( t) ) = tfa B i (23) 

[0145] 
[gfc2 4] 

■ 

(24) 

= £ aJ»V:L 2 -c4L 2 



(53) ft& 2002-53271 

[0 14 6] 

[0 14 7] 
[ft 2 5] 

Vfi-S. j " focjfxfy (25) 

[0 14 8] 
[ft2 6] ' 



2 
D 



(54) #^2002-53271 

[0149] 
CO 1 5 0] 

5.3.4. Ml^MigM -• itfft^M 

^iM^^i**^^^. ZLtlZ 3 '7© ! *W& "■KT©R»* i at* : 
1. ^>^)V^>izWm^ ; 

3. gssss^Bitiici-rsc 

[0 15 1] 

> v +■ a *y x fc z> €r # e, nfc /h < T&mm © ss v>*h ^ > {3 £ 0 ^ 

•i«Sn^^>2ajidi6©»«JltiR*ift*S**±TW^T»0»*. #5F> 
l/ifc©©^K^©igli, <k!J/h$njtf'f*>^f>ytJI'!)iJW^MJ 

w«at M i,.«t. „ , toff WcfctTM$n-5. 

[0 15 2] 



(55) #£2 0 0 2-53 2 7 1 5 

Wffi«OtC»**ffitty 0 /2fc«f«Stl,.ffi»WMRfc***fftt-V 0 /2 

titans, msfiwt. , , ^nt»j»-r*jg3c!)«i8T?tt» msa«^^±T^ 

[0 15 3] 

[0 15 4] 
5.3.5. teg>j|jitB«l: ja^9>^ 

ieiBo^««»*wr*&^»*»i«ir*©fc3(r5pjT*o» -»s. 3. 3 astern 



(56) 0 0 2-5 32 7 1 

[0 15 5] 

^mmomwim^^ \.2, i.5 v i.s, i.Qx\%^n&±.ommz&r)^t$z > 

#^£v 0!l;Lfcf 3 0 ORtf 3 0 img;tt<DDNAfrt>ftM?2>Z\£7!)^%Z> 0 fi 
[0 15 6] 

•zzizmvmmmmte, &?&mmm*frfe?z>m<D0kflr%mmzmm-?z>z\ 
t\z&r>'$g%-znz>o z\t\t><D&mz\%, m&®mx\mm7u?7sz>i?pt$ 

£n&. (D.A.Skoog, f. J. Holler, Rt>*T.A.Nielman, 1998,. Principles of In 
strumental Analysis, S" ed. , Saunders College Publishing) —^6*)^ , 9 

u^vi/yy^ -frM<Dft±izmm "smz&m-z. ±T*mwe>ftmmw\zmm 

[0 1 5 7] 

5.3.5. m<pmmwim. : nm^yy 

*mjKD*nmi:\$, m±(D^yv^^yh^mtt^\z\-mt^^> 
izm^znz, z\<D&5tzWiG, gt£%j:m<D7 h\z£z>mm?>¥> 

?lZtt?%mte%KJfo01£MtLTftMtf&Z\Z> a 
[0158] 



(S7 > 0 0 2-5 3 2 7 1 

[0 1 5 9] 
[0.1 60] 

#I;U^ 2 0-2 0 0 b p©|£H©DNA7 7^>h<Djg^i, -^ftr.**-' 
0. 1 «m, R^>^©mJE+>«>7^0. I VT?**M*#AT»«. ' • 
W£©£JS»IRfciS^T\ 2 lme rjfeS2 bme T i~i 

. 2X 1 0- 5 W7«1T, Rtf 1. 4®im-rZ: (^tl^tt, D=8. 1 

4X10" ' cm 2 /W7.9lxiO- 7 cm 2 ^ *ffjpte»V»fc) , 
[0161] 

*fe»*L<ttv 2 0 lme r*v^2 0 Ome r SflUT**:*-^ 5. 5X1 
0- 5 m$<D*>ftm\Z^ y^V, 6. 5X10- 5 #FW7WU0 0 

[0 16 2] 
5.4. DNA&MKCDfSffl 



(58) 0 0 2 - 5 3 2 7 1 

■A.mffcDNA, y/ADNA, ^DNA) RtfRNA©«fc3fc:R»«:# 

©ftfcfc&Snsntfr&v C©#»fc43fr**0J8OTI&fc&oW*. 

, **WTI*fcV>*«, -g-ft&*«, f^-fed sDNAKlO^TttA + TftG 

+ c©tt*fc#T*ffitt#©tt#ttt>#ffi*r*>. 

[0 1 6 3 3 ' 

NAiz-mm-&Mxfe&&tt<DtimmxttM2nt£ < x\tu ;r©£ 

5l:LT, WSB^'J^^fc J: 0 §iJ5S£ftfcDN A©7 U 3- h' : -(M^.ii F.S- 
anger et al.,1 9 7 7, Proc. Natl. Acad. Sci.US A 7 4 :5 46 3 ; M. M 
axam et al., 1 9 7 7, Proc. Natl. Acad. Sci. US A 7 4 : 5 6 0) £\ * 

km<d%o i^mmtimx\%. : mfr&<Dfrrfr± 5 %x\$± 10 %©##fij&* 

i&stsns. WXMIl RFLP^, fltfi^Sftfc, ■■3t«i»«f, v-f* 

O &7- 7 '-f h #flTK. © © Wf Jt^*T © ftfffl © fc * fc £ j£ S n 5 «> «fc 5 & 

d n Affl^tt^oif x©/i 9— >x \$m®.*mmz ±^-r^>ft^\zmm £ ns 

o 

[0164]. 
5.4.1. D-NA cpfettap 
j&fEfttf&Jl/t^*— ;*©»ft©fc«>fc:jjBV>S*l* s s DN A2fc£/d sDNA 

[&2 7] 

D=k B T/Gm\T, (27) 

m/cmW , rtttM^ST»5 (Doi et al., 1 9 8 6, The theory of 



(59) #82 0 0 2-5 3 2 7 1 

Polymer Dynamics, Clarendon Press, Oxford, p 3 0 0) „ 
[0 16 5] 

V><E>. -mz, UOkr 0.6£LTr~N XhZ> m*.K Doi et al. Mitt 
TUT a/1 n (a/b) £ ^tfc^S. H®<Di&m*b^di s DNA 

[»2 8] 

lii{a/2j)Jt fl r 

— ^3^7— - = (l/-W)lii(0..3W) X1.5*10- 5 cm 2 /f {28 ) 



^M 35 *** iS^b= 1 0 AT*0,.«i = 3 NAT*!,. .«T«, 
[0 16 6] 



[*'2 9] 



(23) 



Nttra*®ft T ft« (least, ed., 1 9 8 7, Handbook of Chem 
istry and Physics, Chemical Rubber Publishing Co, Boca Raton, FL, p 1 l 

7) . mm±, Nfc»f*jBft#ttat v a;3 i*©jt^wpvu „ cn) a** 



[0 16 7] 
k3 0] 



(60) #£2 0 0 2-5 3 2 7 1 5 



C MWa = 1.1* * 10- s W-°- 5 W/s (30) 



fc*v&»l»3ft*. Mkl* Doi et .al.,i9ffl, *mm<DZ£ 0 

[0 16 8] 
5. 4. 2 to „ RUU„ ; f , ©ll^M 

#f>vtJWx;K5*TDN A $r Jt £ S| § I -f 3 <D Icftigft fl^T 2fe -5 t 

ssDNACOUT-Nl e - Rltds DNACOl^T- 2 N I e - I T$> 
t) v ■■i:j:TN»d^X»^fi»*f©»T*»3» • I e - I tt«^©^»Ol6««T* 
& 8 ^;i/h^OV 0 Rtf/imJlM£<Z> (L-R) £JBV*T, t. . -*«fiCf 



o n 



[ft 3 1] 



t = — - : x 1.1 x 10"* sec ssDNA; on 



[»3-2] 



t g L£l*L x 5>6x 10" 5 sec dsDNA; 

on trr /o\ • 



<V2) 



(32) 



& -5 *> <D t LTETFO&ft 6 ft & n& : 
[»3 3] 



(61) 



4*S2 0 0 2-5 3 2 7 1 5 



x 2.3x I0~ 4 sec, ssDNA; and 



on 



RN 



o.41 



fc— = — -x 10 4 sec r dsDNA, 



(33) 



on 



2 te, L= 1 0 am, R = 1 nmRZSVo = i r VO)M^0BWZ"D^X(D^ 
[0 16 9] 

[*2] 





/ w forssDNA 


/^fordsDNA 




(sees) 


(sees) , 


id" " 


0.0071 


0.0091 


100 


0.0028 


0.0091 


500 


0.0014 


0.0091 



T7ir-'J>m. s sDNAIIO^Tlt iKW^.^^gth^fe^WlcJi 

[0 17 0] 

MMfctr, , , (DBS. L 

£3*1*. T, o . Kk'T, o , fCDV>T©5£l 9£N C y c {Ct^X©^ 1 

[0 17 1] 
[^C3 4] 



(34) 



(62) ftg 2 0 0 2-5 32 7 1 

[0172] 
[&3 5] 

a 0 =|erf 0^/^/55^) (35) 

* 

DU. a£3 2Rtf 3 3 I^^T, ^i^nS^tDNA^OllXUll^ 
[0 17 3] 

T, o . M/hte^-fcak /t^-^ ,t 0 ~, 1ST, o « iz-o^xm^m^: 

. - [o i 7~4i ■ ' "' ' ; :; ; r : . 

Z.tl <DM&ft.; mzft 3 3, 3 4 RZS 3 5 Kfe T#|g BJ © TcltXD DNA^ 
N + AN, flTs s DNAi d s DNA^(Si^^i^, ;f EVOfl 7jc 

n R^t 0 , f RtfN c y c rot, o , ^tr^o$ e)^^#»^n^ 

-f ^fc^^tiT^-i). i©yD^7Alt c sign >/vf ?mib >*-f Ay7 

7- A £ rt-^T £ & £> ^ 3 a > t! i - ^ 5>X 5 1 A ±T n > A--r ;p t Htf t" -5 z\ t 1t$ 

a. - ^ f A ±T © Hfr <£> 26 d <D £ -5 fc^§§ MM? &'± £ 0 

[0 17 5] 



(63) ft* 2 0 0 2-5 3 2 7 1 

■*<* 1 OOOd s DNA^^ 7 Jc^«Krt©fi$ io 5 ©&©**># 

sns^K&s, l=i 0tfmxtXR=i tf m*« : -r«#7 L >*>*;nc^T 

■*|C«?HT0, »*tUT#6n&^7ft*LTV>«. Hi. ?*6, t e , 
[0176] 

, 'J 

T • - , . 

©«3Wfc©»**«^LT^*. iTC^i^^T, ^Ultt, L = 10 m 

[0 17 7] 
[*3] . 



m 





1 V * 




* 




^A/ 1 


1 ssDNA 










.i ■ • | 


N~10,AN= 1 


1 0.48 


0.083 


0.0053 


23 x 10 3 


0.036 I 


AT- 100^=1 


71. 


4.4 


0.015 


ii xio 5 


0.019 


Af«100,AW=10 


0.85 


0.057 


0.016 


2.7x,10 3 


0.021 


//=500,AAT = 25 


7.0 


0.18 


0.038 


1.1 xlO 4 


0.017 




1 1.9 


0.052 


0.039 


2.8 xlO 3 


0.019 


dsDNA 




AT- 10,AAT= 1 


032 


0.028 


0.013 


8.7 xlO 2 


0.032 


W=100,A//=1 


150 


1.48 


0.098 


8.5x10* 


0.017 


100,AW= 10 


1.9 


0.021 


0.11 


9.9x10* 


0.022 


N=500AN=25 


32. 


0.067 


0.50 


3.8 xlO 3 


0.018 


1 N=500]aN=50 1 


9.0 


0.020 


0.52 


l.OxlO 3 


0.020 1 



14,1 ^vz<D£?temmimw<Dwm?7y^ux\,^ c 
c mmmt. #m&vmmm#m®T, 0 ., **&r. V^p, ss dn 

ARZfid s DNAI:o^TO2W?fil 0 O&tf 5 Q 0 



W*wLW*. £T©#»«. L=l 0'<im*tfR=l* m 

*W "f -5 sJ> -r > *> ;|/ TtM±$K «t» T © © T * -5 .. 
[0 17 8] 



(64) 0 0 2 -S 3 2 7 1 5 

%) fa^fisiooc^wgsn (i %) • i o 

[0 17 9] 

5.4. 3 - jjx>k±ik^Mi£^ 1 

\ \ ■ ■ . • v 1 :. ■ " ; 

L £ % > )fe xtt ; £ * ^.^^ftST.fS^^'W^^KR 

mm (i %) o o os s d n a^o^^i©/c* icfr^^nfcit^©^ 

^^•r. £T©£-— XlC&lvr* Vo =2Vifimi*>ti&. 
[0 18 0] 

[*4j 



R/dm 


T.J* 


LJcm 






&, 


2 


246. 


4.0 


0.058 


. 2.5 x 10 5 


0.016 


1 


66. 


4.2 


0.015 


2.4 x10 s 


0.017 


0.5 


21. 


4.9 


0.0041 


2.3 xlO 5 


0.022 


0.25 


9.5 


6.5 


0.0012 


2.0 xlO 5 


0.032 



[0 18 1] 

5.5. #4-71 TkZfUVMMQZd gPgtifi 



(65) 4**2 0 0 2-5 3 2 7; 

• .[0 1 82] \, ' 

' • . * 

^"f^lWU©»jWX(l ^Hb(C»^T*<Jl cm~l G cmm 
^fUttf^b^fpitc^l cm~l 0 cm'T*5. 
P|a~5;0fm,:l$ 1 0 #m, Tl 0 0 iz'mfttellMgSJv Ifift-jF** 1 * 
>.^<;PMOKIWflB*tt» 5 0 //m^^.M^^lotfofltt, ^j. 2 0 # 

R= 0. 8~1. 0 wm. l^otOiitt, ^<?0«iE«fc»-r* U > 

[0 18 3] 

(Sze, 1 9 8 8, VLSI Technology . McGrawHill, New York) 
5 . 5, 1 . 3Stig 

fc#*6«tt, 7-^5^7701^177^ H, flIAtf 7 5 X 5 0 X lmm 
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0*7^ (Fisher Scientific £ D 1 2 - .5 5 0 C) .. 

[0 18 4] 

^XSIStCOViT^, JltittH, S 0 4 /H, O, ©»»+fcS«£S*;£* r 1 0 

[0 18 5] 
5 . 5 ; 2. MMM 

^TfsitA i swan?*.**** **wfeit'^^*fit*itw»t"vv 

£V>5j&TWTN&*o T i , N i , Z n, R u, P el, T aXtforfc&tffc H 
[0 1 8 6] :v 

in i ©^sxtt^i .©f^w^tssfflv'^MiiiaiSfc^itt,' ■■■7.* hj 

74— ©fcftO;^->7^AJfilSn5. S15H 77i?0- iWS^wb 
1 5 0 1, 1 5 0 2,1 5 0 3Rtf 1 5 0 4 fc&£«fc^&^gjte, 

5Rtfl 5 0 6 <Dv%<D l-DiZ&ffi-gnX^Zo Z\n$<Drty F.'HSSttiKT 

a. irnsoTmoTx^at, gw^-f^n'Jv^7 7>f-SiWTt 
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: [0 18 7] 

1 0 0 ijm^fe^J:* l /iml:tS £ i3ftST* v » * L < « 3 0 0 nmitS. 
[0 18 8] 



A 1 C 1 , *4*U; ; i:©A Id, ft, #^ttT^5(|h.^ AuMAg 



> i 



[0 18 9] 



[0 19 0] 

4. ^©^SttSfcRu&^Pdfiagte'baUTH*. «jfitt, 3H*->^xA* 
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MtettrnZ 1 0 iim(DT i Ott#^6Jfi*2>. £®T i Steu M©P tJii 
^77fl)ISO#fitUTfffit5. if 3 1 0 0 nmCP t A r -f 

07* hU7^77^-V7s££iILTUV#K:7* hUi>^h*«S-r*^t 

r +-f *>*mf&mzMm2tiT&m<Di£mtzffi9zu: m&wmmzM&Tz. 

[0 1 9 1) 

(Xia et al., 1 9 9 5, J.Am. Chem. Soc. 1 1 7 : 3 274-3275 ; J 
ackman et al., 1 9 9 5, Sciece 2 6 9 : 6 64-6 6 6) » 7tHJV^7 

*>7WfiV>5ttS. 016A~BH A^->^l$r^f. 7>*>7'\ttfVi?* 
^;i/^D^>^e>i33tT^^)c Kf5fiC!)t>OtlRliBlfc v AuH $PP#J7j}££ffl 

Mt> CH,(CH,)i S SH (Kumar et al., 1 9 9 4, Langmuir 10: 14 

9 8-151 1) ~CfoZ>o &£H±©/^ — >fbSft&aB»S^7;p;fr>^* 

aB#b&3»«6^7>fl2**« (0.1MOKCN, 1MCKOH) 0*iC3t}*£ 
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t^iiIio«^§ (Kumar et al. ( ,- fflffl) . ^Iztt^m, mm 

[0 19 2] 
5.5.3. cD&gO^^Jl 

L,fc<CTttfc"&ftt,s,. 016Att, l^OT**«*jRLTl**. 
ttv *3.TftWtlfiCRiMa^iro±fc % . 1 6 0 iROfl 6 0.2fc**j;3fc 

[0 1 9.3] 



! i 



1 6B(i, f^«»^ir>^;P»^«&^L ; xu* 0 - IiTft>^;H 
6 0 6 i^fcft>m iftttTl 6.0 3T«toS.nw.«ft»y-> 

#MtrV->l 6 0 3-rt0MW#j£lr>&«>te % . 5^>*;i4;t ^*>* 

[0 19 4] 
[0 19 5] 
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z?X hTXtf>3 — hL (Microposit S1400-31, Shipley, Newton, MA 

) , 9 o o . 5 Pf Flinits ^ t i: J; 0 7 ^ hl/y^ h u t 

20t Microposit 3i##JigiM© 1 : lfi^*, Shipley) , ftffitZ>7*VU 

~?7.h\*. i5otti mm^-^y^t^ ztizk-irfemz&ztiZo 

[0 19 6] 

Z> 0 I©^Dt7H #^X±KIP£ 1 0 0 nm<Z)C r l^l^StStt^ 
[0 19 7] 

£K<Z)&ftfl&ff#tt. *ttNH 4 /HFX75 1 >» (BOE5 : It 
BOE10 : 101 : lWa%0> J • T. Baker, Phi 1 1 ipsburg, NJ) Idtf^X 
^y^^M^SMT^iltKJ^T^Xy Ki«^f>^n§. 2 O^felcDX 
y 1 0 ~ 1 5 nmOft >^;i^*§S!j££tU ©<&JT:7 thl/ 

4 0#m<£>4#:6lM Xte> 5 5~6 0 jtirritl^^J^^il'I©^ 1 ^ >^;i/$:^ 
Xy^^cD^ X# M/>>X>XteC r j§\Z. mX\t^y7,(Om^, M 
^cDct^/^KMH, S0 4 /H 2 O, £JBV^ctf#K<£D, MWLfrhffc££ftZ>o 
[0 19 83 

5.5.4. ^ y\ i<Dmm<D^^ >*)imi& 
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$ ntz * > * )vbl t& > *)v&<d t wm t -& l t ^ & < r & v » 

o 

[0199] 

WSctciwijjs .bus?* h±m^jp$txSc (omm 

[0 2 0 0] 
5.5.5. &A^— h<Dm& 

Sutras, ax*- u-ifxtt^-r^> h 

[0 2 0 1] 
5.5.6. S^g)^H! 
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}£U #fc:gM£-tf3. /^^IOgafc^Ttt; &&t*ti5 0 0~60 0t 

tens. 

[0 2 0 2] 

5. 6. liiMll^ ' 

• '• [0 2 0 3]. " ; " ■"■ :■)! ;■■■=! • -i ■ 

P.Feynman et al. , 1996, The Feynman Lectures on Phyiscs, VI. 1, Assison- 
Wesley, Reading, MA)tt*0«fc3&#^«T**i $SlH(Dt;mol$ 

[0 2 0 43 



(73) ttS.2 0 0 2-5.3 2 7 1 

■«Rtt<Ott?«»mM^ a Z<D±7\ZLTftMi,mz*. BierStfAstumian 
(M.Bier and R.D.Astumian, 1966, Bioelectrochei. Bioenerg. 39:67; 1996.P 
hys. Rev. Lett. 76:4277) it. m>®&&t>$tl. ffi*t£*m?:nEEmizmm ft 

L .omm<DvtMiz. z.nzmmT% z t \z& vmrnx^ztzz 

[0 2 0 5] 

<9&ffl£g£##(;:iga6& 0 02 0a43£tf|I|2 Ob (*>£tf2 2*>) 
[0 2 0 6) 

z-omy*- ijxmiz^r). mmmw-i xftm^ommmmzz. 
-isB>?-vy°\zm%j\^ y-\)#^v-iss>m\z, mmz/u7v^i£~- 

[0 2 0 7] 

~?>?^x.y b^^^rz^(Dm^^>^^)i,(Dm^m(Dm^izm^x 

tt6nTVi«i. it0^A-y 3 > (A.Ashkin, 1970, Phys.R 

ev.Lett. 24:156; A.Ashkin, 1986, Optics Lett. 11:288; L.P. Faucheux, 1995 
, Phys.Rev.Lett 74:1504) &£ZSn^frMA- y 3 > (D.Long 1996, Phys 
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.Rev. Lett. 76:3858; J.Rousselet 1994, Nature 370:446) (DM^fcO^T 
[0 2 0 8] 

m'Mzhmzzt-e&Zo frzmBffintEtitzft? m%.& dna) 

[0 20 9] 1 
[0 2 103 

^Ult/T&^Srffl^T, ft^tf] t? y h (optical tweezers) tt£Z>yt<D/U? 
[0 2 11] 



(75) 
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6ioo$^p>ou--fXfi.-c , »fa©«ai/^->*aij«L5*. 

[0 2 12] 

67,387, 1997^12^3BmS, &mtVT*WM&<PizmmT%) . 4>*©:sfrfR 

D N AM (#lx.fcf, 4pBoVfil'©«£T2jt'l> &8«©^pfcss;to-r5. 

te*£JH itT^^-AX^t 5/ Xl 1 0^© D N A © £ t) ,%S§&*4>£ S 
[0213] 

fe*fc*©«k5*/^->*ffl^«::t^ A.Ashkiii, 1970, Phys. Rev. Lett. 24 
-156; A.Ashkin, 1986, Optics Lett. II :288;Ri^T,.P.Faucheeux, 1995, Phys. R 
ev.Lett. 74:1504(C|Bic$nT^-5o 
[0 2 14] 

mommcomm^m 1 9 izmtxtz* w<mm$4m<Dttmwmm£MMLT 
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[0 2 15] 

□ -•5 3 10 5:, m'32'0 ft^UTJW©**^^ F 1 3 0 tC (frlBgfi©^ 

$ n» jwhme 2 o © w 7 * — * ? ~> 3 ><d-$ cib $ ^ ^ ^ ^ 

-5* *^^ry7 , I 1 0*©SiJffl©'fe^5/3>rt.liir8ISh*. #f£© 

Mi5^a©fcM^2^ J en^n©#»^e>n, foiiiiiii3 8 oic^-? 

T^£tt3. #Htb7c^ ftft3 8 4£cktf 3 8 8 TS$n§<t^i:, AMD©* 

iwwoiit§S7t-*7-t!^->3>3 4 0, 3 5 0 mzmstz. mjE 
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[0 2 16] 

mmtZ (&m$D N A#*r©fc«>fcRCA£ U - >TfflIt5„ S. Henck, U. . S. 
Patent Application Ser. No. 60/067,387, 1997^12^ 30 fct!l^ ; £#fll$ftfcV* 

Bfici^-rs. g&k:, ^ji^TOTT#fc^A*-440«^||l5 1 ^>^;l/^tr 

[0 2 17] 
[0218] 

#ll*fe£>'3>330K:l»S5U 7*- ****3/7 , n0fc-H»fc;7:*- *^t^-> 



(78) #^2 0 0 2- 5 3 2 7 1 5 

* 

[0 2 19] 

mmz7fi-?& ? \z. szmiM mx\i. &±^j;^t^ie^) t&. iconic 
fttc^bfe^m^ (dna) ^M^T¥^^<D±^m®^ 

y *-%zzmj$.-Tz>tzft\zfti£.L^o 

[0 2 2 0] 
6. HMftl 

6. 1. -*mPNA(DftM 



(79) 20 0 2- 532715 

W}*iiMTZ>o SX~F<DmwWt§trt7 ZUfetZ : L = 1 0 /im, R=l ^ 
m, 5$ 1 c m, n&glV&ZSTk&ttMmn. 10 Oi£Ss s DNA^it 
^±T2^S^«g^^T§fci6«ji^fe0 ( i:DT, 1 „ n = 1 msec&tf 1 0 
f f =6 Omsec£irg-f3. ^lt^HIB#^« 6 0 ftXh%o < thZOWi.W[&TS® 
Ytnyt-f ^m^T. g£lO, 2 0,)30, 4 0., 5 Ov 6 0, 7 0, 8 0 
, 9 OS^l 000s sDNAmK<DW&%H\Z.WX (Research Genetics, Hun 
stville, Al ^^A?5JiWWl 0^*gBW^fflm : ?i:.tT^ne,nT^-5 

[0 2 2 11 . ■ ■v.':,: 'i.u ' ^^..^i: ■ 

[02 2 2] ; '•'-•'•••••t'V.':-;.-;qir. 

[0 2 2 3] 

Tft-^nSfc©-?^. 
[0 2 2 4] 

8. M©/t7*-g£g&1^S)fci&©=i>g j.-^d^A 
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/* 

calculate parameters for the dna separation device 
Copyright 1996 Curagen Corporation 

*/ 

^include <mathJi> 
^include <stdio.h> 
^include <string.h> 
tfinclude <5idlib.h> 

#defineABS(x) ((x)>0?(x):(-(x))) 

#definePI 3.141592653589793/* why not?*/ 
tfdefineEBREAK l.e4 /* breakdown field for water */ 

#define^ONLdG -6. 
#defineMAXLOG 1. 

/* erfc by polynomial approximation */ 
#defineAl 0.2548296 
#defineA2 -0.28449674 
#defineA3 1.4214137 
#defirieA4 -1.453152 . 
#defineA5 1.0614054 
#defineQP 03275911 
#define 

ERFC(x)( («(A5*(17(1 .^P*x))+A4)*(17(l.-H3P*x))+A3)*\ 
(17(l.^P*x))+A2r(iy(l T +QP*x))+Al)*(iy(l.+Qp*x))* 

* • 

double R,L; /* R is the small spacing, L is the well spacing*/ 

double alphafh(double d, double t) 

double alpha,x; 
x = Rsqrt(4.*d*t); 
. alpha 0.5 * ERFC(x); 
return(alpha); 

} 

* 

mainO 
{ 

double n,dn; /* n and delta n */ 

int nstrand; /* 1 for ssDNA, 2 for dsDNA */ 
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double d,dl; /* diffusivityfor length n and (n + dn) V 
double logt.t.alph^alph^dadn^dasq^yc^tune- 
double tbest, tunebest,t_on,vO; 
int ntap; * 

double dtmp; 

char linef 100); 

char *datafile = "data"; 
FILE *fp; 

R=l.; 
L = 10.; 

^SSS^f^ "* L (larger spacing > ! * 

sscanfOine, M %l f %ir,&R,&L); 

R*= 1 .e-4; /* wiweit to cmV ' ; ' ' X 

L*=l.e-4; 



P™ 1 ^^^^ R te 9«f microns, L = %lf microns^ ^ 



. 1 ... 



/* - 

1he breakdown field of water is le4 V/cni 

choose VO so 2VO/r - le4 V/cm ; ' 

vO + R * EBREAK / 2.: ' ' : : V 

use a maximum overpotential of 2VO = 1 V to av^id electrolysis 
if(vO>0^){vO«a5; 



^3%S)~ %lf V ' gencrating n,axin »" n field of %lf V/cm\n", 



>.* t ■ 



printff W N = the length of the sequenced 
-Delta N = the resolution (1 for sequencing)\n w ) 

while (1) { 

printf("Enter N and Delta N: w ); 
fgetsfline,si2eof(line),stdin); 
sscanf(line, M %lf %If\&n,&dn): 
if(n<l){ break;} . 

SSSS^rjS^& 2 fM dSDNA: "» f ^^^»); 

if ((nstrand!«l)&&(nstrand!=<2)) {break; } ' 
fp = fopentdatafile," W") ; 

I* determine the diffusion constants for n and n+] units are cm-2/sec 
t-on is the relaxation time for a 200 V potential ? 

if (nstrand*« 1) { 

t_on (L-R)*(I^R)*2.24e-4/(R*pow((double)n,0.41)); 
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t on *= l.e4; /* convert front cm to microns */ 
else { 

t_on (I^R)*(L-R)*U2e-4/R; 

tjon 1 .e4; /* "convert from cm to microns */ 

printf( M t-on + %lf s\n M ,Lon); 
ifCnstrand^l) { 
d = U4e-6 + pow(n, -0.59); 
dl = 1.14e-6 * pow(n+dn, -039); 

} 

else { 

d=1.14e-6/n; 

dl = 1.14e-6(n+dn); 

tbest = 0.; timebest -1. el OO; 

for (logt = MINLOG; logt MAXLOG; logt 0.001) { 

t = pow(10.,)ogt); 

alpha = alphafii(d,t); t r 

alpha! «a^>liifn(dl,t);' 

dadn = alphal - alpha; 

if (ABS(dadn) < l.e-6) {continue;} 

dndasq - 1. /(dadn * dadn); . 

cycles = alpha * (1 alpha) * dndasq;/ 

time « cycles * (t + t_on); 

fyrintflfr^lf %Jf %lf %lf %lf %15.101fffi n , 

t,time/60.,cycles,alpha,dndasq,dadn); 

if (time < timebest) { tbest f= t; timebest = time;} 

if(tiriie>10;*time^ 

} ' . n 

fclose(fp); 

t = tbest; vy, - ,: ' " :u :' ; 

alpha - alphafh(d,t); 

alphal =alphafo(dl,t); " 

dadn alphal ~ alpha; , , 
dndasq -1./ (dadn * dadri); ' '" 
cycles - alpha * (1. alpha) dndasq; 
time - cycles * (t+t_on); 

printfC N %d Delta %d nstrand %d R (urn) %lf L (urn) %lf\n M , 

(intK(int)dn^strand,l.e4*R,l.e4*L); 

printf( M t_on %g vO %g\nV_on,vO); 

printfCNriN « %d +/- %d\n" 

"time (nrin) %lf\n" 

"length (cm) %lf\n* 

M t_ofi(sec) %lf\n" 

"Ncyc %f \n M 

"alpha 

(int)n,0nt)dn, ■ 

dme/60.,aJpha*cycIes*L t t,cycles,alpha); 

printfl[ ,, %lf 0 /olf^ ,, ,l.e4*L l a]pha*cyc!es*L); 

printf( M %]f %lf\nV+t-on,time/60.); 

for (ntmp » 10; ntmp <= 1-60; ntmp 4- 10) { 
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dtmp -1.1 4e-6 * pow(ntmp, -0.59); 
printfp/od %lf\n"^tmp,alphafe(dtmp,t)); 

printf( n End of program.\n"); 

> 

[mmot&mtumm 

[HI] *%W\z£Z>ftM®M ; *7jito 

[H2] HI W8ISg*(DI^©A»J©l^©^EI^^-r. 

[H3] m2<Dmm<DftMijfa\zttVTm&?z>mmm*7jkT* :. 

[H4] B4ASCX.4B«ja.2O«J|oWoffifi||0, fttf £©mffiteJ;-3Xf6£ 

; [H5] -H2©«*©^»^fc:»o.&»fiiiHfe^-r. 

[B 7 3 : B 1 ©#8fSgA©l m<DM&M<Z) 1 :p©#fl?B£.**r, 

[B8] H7©S§^o^||^|B](c^LTil35-r-S»lrMllI ; &^-ro 

[B9 3 B9AttVsL9Ett*f6WO*j*©*^*5jKjLT^-r.. 

CHI 0] B9A^^t9E©^ffi»i*5ViTttffl-r*©fcji^U»« ; «ffi©^|B 

[H I 1] HI 1 A&^L 11 Dtti 9 Ai^^L 9 EC9^f:*^iit§2 

•d © ifsj- y -> * )V <? x ;i/ * © 7° d 7 w -^©^»©Pii * ^ f. 

[H 1 2] B 1 2 A'ftVs L 1 2 E «B 9 AfcV> L 9 E©^tefc^t*p«-r** 

% © # f y > * )vv x ;v 4 s © j^in wslj-wbl 7° o 7 ^ - jvomm . 

[HI 3] H9A^lib9E©^©^/N'7>->^ii^T^>c©©»^L^ 

[H 1 4] H 9 Ata^L 9 E©^©^/1^r-^3gk"r*fe©©JF^Lli 
L o £ »f^r § /l 7 * - * $ ftfci^O.-DNA^© 

#gi#g"j©w#^T t o , ©^K^^r. 

[HI 5] H2©SA©fe©©m@^SS!7iT5^:©©^W^*¥«T^/7$: 
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[016] 01 6 B\m2<D^M;m<D3 Lj r>*)lZmfe'r%rztb<D 

[020] m2oA\t^mun<Dny^-ti7,\tm^^mmm j ti7->3><D 
02 ob«02 o A\z^Lt£mmwtmz£z&m<Dm&%7jk'fo 

[02 1] ^lli^^>^M^Trt<iOW>6^^D, Ife^ffi^CD^ftfe 
[0 2 2] 01 8&HU0 2 0 iZmLtcm&Z'SAjtz, *m*Ji<D£m<Difi-£. 
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